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doi:10.1016/j.jfma.2011.08.008Toluene is an aromatic hydrocarbon with widespread industrial use as an organic solvent. As
a result of the euphoric effect and availability of these substances, inhalation of toluene-
based products is popular among young adults and children. Chronic or acute exposure is
known to cause acidebase and electrolyte disorders, and to be toxic to the nervous and
hematopoietic systems. We report a 38-year-old man who suffered from general muscular
weakness of all extremities after toluene sniffing, which was complicated with hypokalemic
paralysis, atrioventricular conduction abnormality, and normal anion gap hyperchloremic
metabolic acidosis. Renal function, serum potassium and acidebase status normalized within
3 days after aggressive potassium chloride and intravenous fluid replacement. Electrocardi-
ography showed regression of first-degree atrioventricular block. Exposure to toluene can
lead to cardiac arrhythmias and sudden sniffing death syndrome. Tachyarrhythmia is the
classical manifestation of toluene cardiotoxicity. Atrioventricular conduction abnormalities
have been rarely mentioned in the literature. Knowledge of the toxicology and medical
complications associated with toluene sniffing is essential for clinical management of these
patients.
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AV block and metabolic acidosis after toluene sniffing 653following toluene sniffing include electrolyte and acide
base disturbances, gastrointestinal complaints (abdominal
pain and hematemesis), and neuropsychiatric disorders
(altered mental state, cerebellar abnormalities, and
peripheral neuropathy).1,2 We report the case of a chronic
toluene sniffer who was complicated with atrioventricular
(AV) conduction abnormality and normal anion gap hyper-
chloremic metabolic acidosis.
Case report
A 38-year-old man presented to our emergency department
with general muscular weakness of all extremities and
inability to ambulate upon awakening after toluene sniffing.
He had been a chronic toluene sniffer for at least 20 years.
On arrival, he was alert and oriented. Vital signs included
blood pressure of 108/70 mmHg, pulse rate of 112 beats/
min, respiration of 20 breaths/min, and a core body
temperature of 36.2 C. On physical examination, the jugular
venous pressure was below the sternal angle. His muscle
power grade of upper and lower extremity was 3/5 and 2/5,
respectively, but his sensation was intact. The deep tendon
reflexes of all four limbs were diminished and the Babinski
sign was absent on both sides. The arterial blood gas on FiO2
0.2 was pH 7.275, PaCO2 33.4 mmHg, PaO2 87.4 mmHg, and
bicarbonate 15.2 mEq/L. Serum and spot urine biochemistry
studies are summarized in the Table. Electrocardiography
showed sinus tachycardia with first-degree AV block (PR
interval, 216milliseconds) and normal QT interval (corrected
QT interval, 393 milliseconds). The diagnosis of hypokalemic
paralysis with rhabdomyolysis and normal anion gap hyper-
chloremicmetabolic acidosis wasmade. He was immediately
supplemented with aggressive potassium chloride and
intravenous fluid replacement. Renal function, serum
potassium and acidebase status normalized within 3 days.
The following electrocardiogram showed regression of first-Table Biochemical investigations during admission
Laboratory test On
admission
3 d later
Serum
Sodium (mmol/L) 137 140
Potassium (mmol/L) 1.5 4.3
Chloride (mmol/L) 115 106
HCO3
 (mmol/L) 15.2 23.8
pH 7.275 7.43
Blood urea nitrogen (mg/dL) 18 15
Creatinine (mg/dL) 2.2 1.2
Creatinine phosphokinase (U/L) 2478 748
Spot urine
pH 6.5 d
Sodium (mmol/L) 27 d
Potassium (mmol/L) 22 d
Chloride (mmol/L) 41 d
Creatinine (mmol/L ) 10 d
Urine anion gap
(Naþ þ Kþ  Cl) (mmol/L)
8 d
Kþ/creatinine (mmol/mmol) 2.2 ddegree AV block. Later, urine toluene and metabolite anal-
ysis confirmed excess levels of phenol and cresol.Discussion
In a review of cases of toluene abuse, metabolic acidosis
was observed in 87% of patients.3 Among these, 78% were
associated with a normal anion gap in the plasma.3
Hyperchloremic metabolic acidosis, hypokalemia and
acute renal insufficiency due to extracellular volume
concentration were salient presenting features. The asso-
ciation between toluene and a normal anion gap type of
metabolic acidosis was first recognized by Taher et al.1 It
has been argued that hyperchloremic metabolic acidosis in
toluene intoxication is indicative of distal tubular acidosis.
Carlisle et al have reported that urinary excretion of
ammonium is not low during toluene-induced acidosis.3
Low urinary ammonium excretion is a prerequisite for
a diagnosis of distal tubular acidosis. Overproduction and
increased excretion of hippurate, a major metabolite of
toluene, plays an important role in the genesis of meta-
bolic acidosis.2,3 Toluene is oxidized to benzoic acid and
is conjugated with glycine to form hippuric acid. The
excretion of hippurate in the urine mandates the excretion
of a cation that could be ammonium, sodium, or potas-
sium. The excretion of ammonium is initially limited,
therefore, losses of sodium or potassium can be substan-
tial.3 The loss of sodium causes extracellular fluid volume
contracture. Continued loss of potassium in the urine leads
to hypokalemia. There is a spectrum of disorders that are
responsible for the metabolic acidosis associated with
toluene abuse. Normally, these disturbances improve
rapidly with repletion of potassium and extracellular
volume.
Hypokalemia after toluene sniffing is caused primarily by
increased renal potassium loss secondary to increased
excretion of hippurate.3 Failure to make a distinction
between intracellular potassium ion shift and excessive
potassium ion loss in patients with hypokalemic paralysis
could be lead to improper management. The causes of
hypokalemic paralysis are usually not evident from the
patient’s history. The use of spot urine for potassium ion
excretion rate and evaluation of blood acidebase status
could be clinically beneficial in diagnosis and management.4
In patients with renal potassium ion wasting, the spot urine
UK/UCr ratio should be >2.
5
Several points arising from this case are worth high-
lighting. First, our patient presented with first-degree AV
block during acute toluene intoxication. Cardiac involve-
ment of toluene intoxication is of primary clinical impor-
tance. Exposure to toluene can lead to cardiac arrhythmias
and sudden sniffing death syndrome.6 Tachyarrhythmia
is the classical manifestation of toluene cardiotoxicity.7
Bradyarrhythmia has been shown in animal models and
humans.8e10 However, AV conduction abnormalities have
rarely been mentioned in the literature. Glue sniffing can
cause heart block in mice.8 AV dissociation has also been
reported in humans.10 Exposed mice develop PR interval
prolongation and AV block; probably due to direct action on
the sinoatrial and AV nodes.8 Asphyxia secondary to respi-
ratory paralysis is another suggested mechanism.10 In
654 J.-H. Tsao et al.our case, first-degree AV block returned to normal after
toluene withdrawal and aggressive potassium replacement.
Neither hypoxia nor respiratory failure was found during
presentation. Inhibition of cardiac sodium currents by
toluene exposure and hypokalemia might be responsible for
its arrhythmogenic effect.11,12
Second, urine pH (>5.4) during acidemia and urine anion
gap (>5 mmol/L) have been used to detect distal renal
tubular acidosis for differential diagnosis of hyperchloremic
metabolic acidosis.13 However, urine pH during systemic
acidosis might be a misleading index for the assessment of
metabolic acidosis because of the discrepancy between
urine pH and urine ammonium ion concentration.14 Calcu-
lation of the urine net charge does not provide a reliable
indication of the concentration of ammonium ion in the
urine due to the increased rate of excretion of organic
anions.13 In toluene poisoning, the excretion of hippurate in
the urine unmatched by ammonium mandates an enhanced
rate of excretion of sodium and potassium ions.3
In conclusion, toluene abuse is generally associated with
mortality and morbidity in adolescents and young adults.
Knowledge of the toxicology and medical complications
associated with toluene sniffing is essential for clinical
management of these patients.References
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